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Abstract
Background: Although there have been many studies on the p73 gene, some of its functions still remain unclear.
There is little research on the relationship between p73 gene transcription and its protein expression and the
response to certain drugs such as oxaliplatin and cetuximab, which are drugs currently used in colorectal cancer.
The purpose of this study was to evaluate the impact of TAp73 expression on oxaliplatin and cetuximab-based
chemotherapy in colorectal cancer cell lines with different K-Ras and B-Raf mutational status.
Methods: TAp73 was analyzed in three colorectal tumor cell lines HT-29, SW-480 and Caco-2. mRNA TAp73 was
determined using Real time PCR; TAp73 protein by immunoblotting and cell viability was analyzed by the MTT
method.
Results: We found that mRNA and TAp73 protein were decreased in cells treated with oxaliplatin (in monotherapy
or combined with cetuximab) when B-Raf is mutated. This was statistically significant and was also associated with
higher cell viability after the treatment.
Conclusions: Here, for the first time we report, that there is a signaling loop between B-Raf activation and p73
function.
Low expression of TAp73 in colorectal cancer cell lines with mutated B-Raf may be involved in the lack of response
to oxaliplatin in monotherapy or combined with cetuximab.
Background
The incidence of colorectal cancer has been increasing
in the last few years, while the age of diagnosis is
decreasing, and today it is the third or fourth cause of
death in the world. The treatment of metastatic colorec-
tal cancer (mCRC) has changed drastically since the
1980s, when only fluorouracil (5-FU) was available for
treatment and the median survival was at the most 12
months, to a time when mCRC is considered more of a
chronic disease in which the median survival is now
reported to be in excess of 2 years, although the 5-year
survival rate is still less than 10% [1]. The advances in
the treatment of this disease include studies of single-
agents vs. combination treatment with 5-FU/leucovorin,
irinotecan, oxaliplatin, and capecitabine, and the role of
targeted agents such as cetuximab and bevacizumab.
The platinum-based chemotherapy drugs cisplatin,
carboplatin, and oxaliplatin are among the most active
and widely used agents for the treatment of colorectal
cancer today [2]. Cisplatin is a third-generation plati-
num compound and like the rest of these agents, (oxali-
platin) kills tumor cells primarily by causing DNA
damage [3].
Over the last few years, it has been reported that col-
orectal cancer is a polygenic disease in which oncogene
mutation activation and tumor suppressor gene inactiva-
tion play important roles in the development of the dis-
ease and in the response to the chemotherapy.
P73
TP73 is a gene that was described by Kaghad et. al. in
1997 [4] and is a family member of the tumor suppres-
sor gene TP53. TP53 and TP73 share significant struc-
tural and functional homology. Both genes contain an
NH2 terminal transactivation domain, and a COOH-
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inducing cell cycle arrests and cell death in response to
DNA damage. However, there is some evidence that
shows that the roles of p53 and p73 in human tumor
genesis are different.
P73 contains carboxy-terminal spliced variants known
as the TA isoforms. The So-called ΔN variants also
exist, which lack the transactivation domain and are
transcribed from an internal promoter within exon 3 of
the full-length genes [5]. These different isoforms have
been shown to have vastly different activities. The TA
isoforms act similarly to p53, inducing apoptosis. In
comparison, ΔN isoforms have little transactivation
activity and play a role blocking target genes of p53 and
their respective TAp73 isoforms [6]. Therefore, the TA
isoforms may be expected to have functions in tumor
suppression while ΔN isoforms might be oncogenic.
For the first time in 2006, Dominguez et al. demon-
strated an association between upregulation of ΔTAp73
isoforms and poor prognosis in colorectal cancer, speci-
fically advanced tumor stage, suggesting that they may
be of practical clinical prognostic value [7]. Last year,
some authors also demonstrated that high expression of
TAp73 in colorectal cancer may be involved in the pro-
gression of colorectal cancer and may serve as a poten-
tial index to predict differentiation level and prognosis
of colorectal cancer [8].
Although there are many reports concerning the p73
gene, some of its functions remain unclear. Little research
has been reported on the relationship between p73 gene
transcription and its protein expression with the response
to certain drugs such as oxaliplatin and cetuximab which
are drugs currently used in colorectal cancer.
Epidermal Grown Factor Receptor (EGFR) is one of
the most important cell membrane receptors expressed
in normal cells [9]. The EGFR molecular structure
includes an extra-cellular region, a transmembrane
domain and a protein tyrosine kinase region [10]. Epi-
dermal Grown Factor (EGF) is a natural ligand of EGFR.
EGFR is abnormally activated in many epithelial
tumors and it is frequently over expressed in colon can-
cer, correlating with a poor response to treatment, dis-
ease progression and poor survival [11].
In the early 80s the EGFR was pointed out as a poten-
tial target for cancer therapy [12] and two anti-EGFR
strategies were adopted: monoclonal antibodies (Mabs),
which bind the extracellular domain, interfering with
the natural ligand, and low-molecular-weight tyrosine
kinase inhibitors, which interfere with the tyrosine
kinase domain [13]. Cetuximab is a chimeric monoclo-
nal antibody antagonist for EGFR that binds to EGFR
with high affinity and prevents the ligand from adopting
the conformation for dimerization and activation
[14-17].
The most important mediators in EGFR signaling are
K-RAS and B-RAF kinase proteins. Mutations in these
effectors have been found in various cancers [18,19].
K-Ras and B-Raf mutations are found in up to 50%
and 10%, respectively of colon cancers and appear rela-
tively early in the carcinogenesis pathway leading to
constitutive activation of its proteins [20,21]. Upon acti-
vation, RAS recruits RAF protein to the cell membrane
and binds it directly, activating RAF kinase. B-RAF is
considered to be the principal RAF isoform linking Ras
to MEK signaling.
Several studies have indicated that the presence of
mutant K-Ras in colorectal cancer correlates with a
poor prognosis [21-23] and is associated with lack of
response to EGFR inhibitors such as cetuximab [24,25].
Wild type K-Ras status is currently required to adminis-
ter cetuximab in monotherapy, or combined with other
agents, as it has been demonstrated that this is neces-
sary but not sufficient to confer sensitivity to Cetuximab
[26]. Some authors have recently concluded that B-Raf
wild-type is also required for response to cetuximab and
could be used to select patients who are eligible for the
treatment [27]. However, not all of the wild type K-Ras
and B-Raf patients are responding to cetuximab.
Therefore, the identification of additional genetic
determining factors of the action mechanism of EGFR-
targeted therapies in colorectal cancers (CRCs) is impor-
tant at least for two reasons. First, the understanding of
the molecular basis of therapies could allow the rational
design of alternative treatment strategies. Second, to
prospectively identify patients who should not receive
either treatment, this way avoiding their exposure to
ineffective and expensive therapy.
As it is well known P73 cooperates with Ras in the
activation of MAPK kinase signaling cascade [28], we
investigated the relationships between TAp73 expression
and K-Ras/B-Raf status as regards of the chemosensitiv-
ity. Currently there are no data published on the corre-
lation between TAp73 and cetuximab. In an attempt to
further characterize this complex pattern of expression
in human colorectal cancer cell lines and to assess its
role in response to chemotherapy, the purpose of this
paper was to analyze TAp73 mRNA and TAp73 protein
expression in colorectal cancer cell lines treated with
cetuximab and oxaliplatin, using Real Time PCR and
Western Blot to explore associations between p73
expression and K-Ras/B-Raf status.
For the experimental model of our study, we chose
three human colon cancer cell lines: HT-29, SW-480
and Caco-2. These enterocyte cell lines were derived
from human primary colon adenocarcinomas and are
established cell models for the study of the biology and
drug treatment of cancer. These cells lines are different
in K-RAS and B-RAF pathways, as HT-29 harbors the
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which harbors K-Ras mutation and Caco-2 is K-Ras and
B-Raf wild type.
The association between the expression of TAp73 and
the presence/absence of K-Ras and B-Raf mutations in
response to cetuximab supports their possible apoptotic
function and helps to understand the action mechanism
of this drug.
Methods
Tumor cell lines and culture conditions
HT-29, SW-480 and Caco-2 human colorectal carci-
noma cell lines were obtained from American Tissue
Culture Collection (ATCC). All tumor cell lines were
maintained in Dulbecco’s minimal essential medium
(DMEM) supplemented with 5% fetal bovine serum, 2
mM L-Glutamine, 100 U/mL penicillin and 100 mg/ml
streptomycin. Cells were maintained at 37°C in a 5%
CO2 incubator in monolayer culture to 75% to 90% con-
fluence and detached using 0.05% trypsin-EDTA.
Cells were counted using trypan blue and were
adjusted to the desired concentration for plating.
Reagents and drugs
Cetuximab (C225, Erbitux®) was purchased from Merck
Serono and Oxaliplatin from Ratiopharm. DMSO vehi-
cle control was included in all the experiments.
Cells were plated in 25 cm
2 culture flasks (Becton
Dickinson) at 7.5 × 10
5 cells per flask and incubated for
24 hours. After the cells were attached, Oxaliplatin,
Cetuximab, both of them, or drug control were added at
the concentrations indicated and incubated for 48 hours
at 37°C. The concentrations were 10 nM Cetuximab
(recommended concentration by Merck and the most
used concentration used in the literature) and 5 μM
Oxaliplatin (also the most frequent concentration used
in the literature).
Cell-viability assay
Cell growth was determined using a MTT assay as pre-
viously described [30]. Human colon cancer cells were cul-
tured in a 96-well plate (Becton Dickinson) at density of 5
×1 0
4 cells per well. The cells were then treated with fixed
concentrations of oxaliplatin, cetuximab or both drugs.
After 24, 48 and 72 h, the cells were treated with MTT
(Sigma-Aldrich). Plates were incubated in the dark for 4 h,
and the absorbances were measured at 570 nm using a
microtiter plate reader (Bio-Tek). To determine cell viabi-
lity, percent viability was calculated as [(absorbance of
drug-treated) sample/(control absorbance)] × 100.
RNA isolation and Real Time PCR analysis
Total RNA was extracted with TRI reagent (Ambion)
following the manufacturer’s protocol. cDNA was
prepared using SuperScript™ II First-Strand Synthesis
System for RT-PCR (Invitrogen) according to the manu-
facturer’s protocol. The sequences of the primers used
for PCR were as follows: TAp73-Forward: 5’-GCAC-
CACGTTTGAGCACCTCT-3’; TAp73-Reverse: 5’-GCA-
GATTGAACTGGGCCATGA-3’. The reference gene
used to standardize expression results was Ubiquitin C
(UBC): UBC-Forward: 5’-ATTTGGGTCG
CGGTTCTTG-3’ and UBC-Reverse: 5’-TGCCTTGA
CATTCTCGATGGT-3’. Set primers were all as
described previously [31].
Real-time PCR was performed in a final reaction
volume of 50 μl containing 25 μlo f2 ×S Y B RU n i v e r s a l
PCR Master Mix (Applied Biosystems), 0.5 μM/L of each
primer and 4 μl of cDNA. PCR was performed in Micro-
Amp optical 96-well plates with optical adhesive covers
(Applied Biosystems). Amplification and detection were
performed with an ABI prism 7500 sequence detection
system (Applied Biosystems). The amplification condi-
tions were 2 minutes at 50°C and 10 minutes at 95°C for
AmpliTaq Gold activation, followed by 40 cycles of 15
seconds at 95°C for denaturation and 1 minute at 60°C
for annealing and extension. The specificity of each pri-
mer set was confirmed by melting curve analysis.
Western Blot Analysis
For protein analysis, 7.5 × 10
5 cells were seeded, and
after treatment, harvested, washed in 1 ml of cold PBS
and lysed in EBC lysis buffer (50 mM Tris pH8, 120
mM NaCl, 0.5% NP-40) supplemented with a cocktail of
protease inhibitors (Roche). Immunoblots were per-
formed as described previously [32] and incubated over-
night at 4°C in the following primary antibodies: mouse
anti-p73 Ab-2 and Ab-4 1:500 (Oncogene) and rabbit
anti-actin AA20-33 1:5000 (Sigma-Aldrich). Membranes
were incubated with the appropriate HRP-coupled sec-
ondary antibodies (Pierce) and the enhanced chemilumi-
nescence was detected with Super Signal West-Pico
Chemiluminescent Substrate from Pierce. The protein
expression levels were measured in a GS800 densit-
ometer and using Quantity-One 4.6.8 Analysis Software
(Bio-Rad).
Data analysis
The mRNA levels expression was determined by relative
quantification using the comparative threshold cycle
method (2
-ΔΔCT Method), described and validated pre-
viously [33-35] Each sample is run in quadruplicate and
the cell assays were made in triplicate. We validated this
assay analyzing several controls (Untreated cells and
genomic DNA from Applied Biosystems). In addition a
melting curve analysis was performed which resulted in
single product specific melting temperatures as follows:
UBC, 81.8°C and TAp73, 84.5°C. No primers-dimers
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amplification cycles.
Statistical Analysis
Results are presented as means and standard deviation
(SD), and P < 0.05 was considered statistically signifi-
cant. Statistical analysis was performed with SPSS 11.0
(SPSS, Chicago, IL) for Microsoft Windows XP (Red-
mond, WA). The paired Student t test (2-tailed) was
used to compare the values between treated and
untreated cells and Anova test to compare the values
among the three lines of cells.
Results
We characterized HT-29, SW-480 and Caco-2 cell lines
according to their viability, mRNA and protein TAp73
expression. We evaluated the role of TAp73 in
untreated and treated conditions in order to compare
their behavior and correlate their gene expression profile
changes with K-Ras and B-Raf status.
Cell viability assay
HT-29 was compared to SW-480 and Caco-2 regarding
cell growth under normal conditions (only treated with
vehicle drug) at 24, 48 and 72 hours and after treatment
with oxaliplatin, cetuximab and both.
The viability percentage of the untreated cell lines at
the time of 24, 48 and 72 hours are showed in Figure 1a
and p-values in Additional File 1. In absence of the
treatment, the percentage of viability at 72 hours of the
cells HT-29 was higher than in SW-480 and Caco2.
This result is correlated with B-Raf mutational status as
HT-29 harbors V600E mutation while SW-480 (which
harbours K-Ras mutation) and Caco-2 (K-Ras wild type)
are B-Raf wild type. This data confirm that B-Raf could
confer greater viability than a wild genotype in colorec-
tal cancer cell lines.
The treatment at 24 hours only affects to the viability of
Caco-2 cells treated with oxaliplatin alone or plus
cetuximab where we observed a significant decreased
compared with the control group. In contrast, the treat-
ment for 48 hours decreases the cell viability in all cell
lines, being this decrease significative for the treatment
with oxaliplatin alone or combined with cetuximab in
the SW-480 and Caco-2 cells, and with cetuximab in
monotherapy in the SW-480 (Figure 1b). After 72
hours, a decrease in the viability percentage was
observed only when the cells were treated with oxalipla-
tin in monotherapy. No changes were observed in pre-
sence of cetuximab in monotherapy and the
combination oxaliplatin only affect to the HT-29 and
Caco-2 cells.
Figure 1 HT-29, SW-480 and Caco-2 viability assay. (A) Viability assay at 24, 48 and 72 hours. Untreated (NT), 5 μM Oxaliplatin (Oxa), 10 nM
Cetuximab (Cetu) and 5 μM Oxaliplatin plus 10 nM Cetuximab (Oxa+Cetu). Cell grown was determined using a MTT assay. (B) Viability assay
after 48 hours of treatment. T-Student analysis. *P < 0.05 **P < 0.01. Each point represents a mean of triplicate values for each sample ± SD.
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comparing the different cell lines, is shown in Table 1.
The result shows that there are significant changes
among the three cell lines at 24 and 48 hours of treat-
ment. However, at 72 hours we only observed significant
differences in the untreated cells and treated with oxali-
platin plus cetuximab.
mRNA TAp73 expression
In order to investigate if the increase in cell viability
associated to K-Ras and B-Raf mutation after the treat-
ment was mediated by p73, we analyzed the apoptotic
TAp73 isoforms.
Relative quantification using Real Time PCR was per-
formed to determine the influence of chemotherapy in
mRNA TAp73 expression depending on the K-Ras and
B-Raf status after 48 hours of treatment (Figure 2). p-
values are showed in Additional File 2.
This analysis showed us that in HT-29 cells, the treat-
ment with oxaliplatin and oxaliplatin plus cetuximab
dramatically decreased mRNA TAp73 levels. There were
statistically significant differences between untreated
cells and those treated with oxaliplatin in monotherapy
or oxaliplatin plus cetuximab.
In comparison, in SW-480 and Caco-2 cells treated
with oxaliplatin in monotherapy or in combination with
cetuximab, increasing mRNA TAp73 levels were
observed. In these cells there were statistically significant
differences between untreated cells and those treated
with oxaliplatin and oxaliplatin plus cetuximab.
While, regardless of the K-Ras and B-Raf mutational sta-
tus, cetuximab in monotherapy has no impact on mRNA
TAp73 expression, oxaliplatin alone or in combination
with cetuximab induces significant changes in TAp73.
With these data, we believe that B-Raf mutational status
may be one of the genes responsible for the changes in
mRNA TAp73 expression levels. After treatment with oxa-
liplatin in monotherapy, or in combination with cetuxi-
mab, B-Raf mutation induces repression of mRNA TAp73.
Protein TAp73 expression
Immunoblot assays were performed to determine
whether mRNA TAp73 levels were directly responsible
for reduced or increased levels of TAp73 protein.
When measuring TAp73 by western blot and protein
expression levels in a densitometer (Quantification
values are showed in Additional File 3), it was observed
that in untreated cells, Caco-2 expressed significantly
higher (p < 0.005) levels of TAp73 protein than SW-480
and HT-29 cells (Figure 3). These data suggest that
TAp73 could be one of the many downstream RAS/
RAF/ERK proteins that could be modulating the apopto-
sis induced by chemotherapeutic agents, as when K-Ras
and B-Raf are wild type, cells are more sensitive to
apoptosis induced by these drugs.
These findings could corroborate the data published by
other authors showing that p73 is a determinant of che-
motherapeutic efficacy in humans [36].
In HT-29 cells, it was found that after 48 hours, the
treatment with oxaliplatin and oxaliplatin plus Cetuxi-
mab came out in a decreased TAp73 protein, reaching
minimal levels (Figure 3). In this case, a direct correla-
tion between mRNA and protein levels was obtained.
TAp73 protein levels were increased in SW-480 and
Caco-2, when these cells were treated with cetuximab in
monotherapy, and with oxaliplatin plus cetuximab. As
the RT-PCR primers and antibody used were specific to
TAp73, it is believed that cetuximab could induce a post-
transcriptional regulation process in TAp73 expression.
The results of TAp73 protein expression after 72
hours of treatment were similar to those at 48 hours
(data not shown).
When looking at oxaliplatin, it can be concluded that
when B-Raf is wild type (regardless of K-Ras mutation),
increased levels of p73 protein correlate enhanced
TAp73 transcription, in the presence of cetuximab
(cetuximab or cetuximab plus oxaliplatin).
When B-Raf is mutated, TAp73 mRNA levels corre-
late with reduced protein levels.
Discussion
P73 were cloned due to their structural similarity to p53
and have been shown to share functions with the tumor
suppressor gene p53, but their contributions to the inhi-
bition of tumor formation or to the response to che-
motherapy has been uncertain. Many studies have
revealed p53-like functions of TAp73, such as their abil-
ity to induce apoptosis, yet initial studies indicated that
p73 were not often mutated in human cancer [5].
Table 1 Comparative study of the percentage of viability
among Caco-2, SW-480 and HT-29 cell lines at different
time of treatments.
Time Treatment Caco-2 SW-480 HT-29 P value
24 H NT 0.72 ± 0.07 1.30 ± 0.23 0.80 ± 0.17 0.012
OXA 0.51 0.09 1.22 ± 0.11 0.58 ± 0.05 < 0.001
CETU 0.67 ± 0.12 1.27 ± 0.20 0.59 ± 0.16 0.004
OXA+ CETU 0.29 ± 0.05 1.03 ± 0.28 0.57 ± 0.10 0.006
48 H NT 1.29 ± 0.24 2.36 ± 0.13 1.22 ± 0.07 <0.001
OXA 0.73 ± 0.15 1.31 ± 0.22 1.08 ± 0.05 0.012
CETU 1.03 ± 0.11 1.88 ± 0.15 1.28 ± 0.41 0.017
OXA+ CETU 0.91 ± 0.06 1.32 ± 0.13 1.05 ± 0.20 0.032
72 H NT 3.48 ± 0.02 3.23 ± 0.40 2.02 ± 0.11 0.017
OXA 1.44 ± 0.13 1.19 ± 0.25 0.89 ± 0.07 0.100
CETU 3.03 ± 0.15 3.13 ± 0.11 2.43 ± 0.31 0.079
OXA+ CETU 1.55 ± 0.15 1.26 ± 0.03 1.00 ± 0.08 0.025
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plays an important role in the progression of colorectal
cancer and its detection may be used to predict the
prognosis of colorectal cancer and to guide treatment
[8].
P73 has long been recognized as central to the induc-
tion of apoptosis in response to DNA damage, a function
thought to be critical for tumor suppression and the
response of tumor cells to chemotherapy agents [37].
Previous results suggest that p73 contributes to che-
motherapy-induced apoptosis and support a model
where p53 mutations induce chemoresistance, at least
partly, through neutralization of p73 [36]. In this paper,
we report for the first time that B-Raf mutations could
also be increasing resistance to chemotherapy.
We explored the association of p73 expression levels
as regards K-Ras and B-Raf status with the response to
chemotherapy treatments in colorectal cancer cell lines.
Our results indicate that, regardless of K-Ras mutational
status, TAp73 is induced by oxaliplatin (in monotherapy
or in combination with cetuximab) when B-Raf is wild
type. On the contrary, B-Raf mutations inhibit the tran-
scriptional activation of TAp73 induced after oxaliplatin
treatment.
We came to the conclusion that if TAp73 is regulated
differently depending on the B-Raf status, this could be
a good reason for the lack of response to chemotherapy
when B-Raf is mutated. When B-Raf is mutated, the
cells showed higher viability than B-Raf wild type cells.
These data confirm that B-Raf mutations could confer a
more aggressive tumorigenic phenotype than K-Ras
while it could be inducing chemoresistance. We also
observed that K-Ras mutation confers greater viability
than a wild genotype in colorectal cell lines.
In our model it was difficult to correlate the TAp73
gene expression profile and p r o t e i ne x p r e s s i o na f t e r
Figure 2 mRNA TAp73 expression after 48 hours of treatment. Untreated (NT), 5 μM Oxaliplatin (Oxa), 10 nM Cetuximab (Cetu) and 5 μM
Oxaliplatin plus 10 nM Cetuximab (Oxa+Cetu). T-Student analysis. *P < 0.05 **P < 0.01. Each point represents a mean of triplicate values for each
sample ± SD.
Figure 3 Protein TAp73 expression after 48 hours of treatment. Untreated (NT), 5 μM Oxaliplatin (Oxa), 10 nM Cetuximab (Cetu) and 5 μM
Oxaliplatin plus 10 nM Cetuximab (Oxa+Cetu). Immunoblot analysis of TAp73 isoforms was performed 48 hours after treatment. Actin expression
was used as loading control.
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forms (TA or DN) could exert negative post-transcrip-
tional effects leading to different mRNA stability in
other p73 isoforms. Similar mechanism was described
studing Myc regulation in neuroblastoma cells [38].
It is possible that the interaction between the family
members and their isoforms may prove to be an extre-
mely important aspect of chemotherapy response. In
this sense, there is evidence that the interaction between
p53, p73 and p63 may be involved in the response to
this drug. Further experiments will be necessary to clar-
ify this point.
In this case, we found a close correlation and specifi-
city of mRNA TAp73 expression with the oxaliplatin
and cetuximab response, suggesting that this method is
useful to analyze the TAp73 profile dynamics.
Conclusion
Oxaliplatin in monotherapy or in combination with
cetuximab produces an mRNA and protein TAp73 regu-
lation effect. This effect is different depending on K-Ras
and B-Raf mutational status, as we observed in HT-29,
SW-480 and Caco-2 models.
When B-Raf is mutated, oxaliplatin induces TAp73
downregulation, while when B-Raf is wild type, the
treatment induces TAp73 upregulation. This induction
is maintained when the treatment is combined with
cetuximab.
We report, for the first time, that B-Raf mutations
could confer a more aggressive tumorigenic phenotype
than K-Ras, and could be inducing chemoresistance.
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